An investigation of the literature discloses immediately the unsettled state of the problem of thyroidectomy and parathyroidectomy with relation to the development of immune substances. The reports have been concerned particularly with the site of antibody production. Removal of important organs, preceded and followed by an investigation of natural or acquired antibodies of various kinds, has been resorted to by numerous investigators in the hope of finding one organ in the body which has an undoubted relation to the development of immune bodies, or with a view to prove that no particular one is responsible, and that the phenomenon is entirely a humoral one. Gates performed partial adrenalectomy and studied the development of anti-hen hemolysin, with negative results. Hektoen excised spleen, pancreas, and portions of the liver and intestinal tract. Splenectomy caused diminution in the development of immune substances, while the other procedures had no definite effect. Although thyroidectomy has been performed by a number of investigators on various animals, ~iz., dog, fox, chicken, horse, and rabbit, yet the relation of the thyroid gland to the development of immune bodies remains an unsettled question because of conflicting results. The relation of the parathyroids in particular to the production of immune substances is still more obscure.
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HISTORICAL.
Hektoen and Carlson worked with dogs, but because of the practical impossibility of removin-thyroid without parathyroids, found conditions unfavorable for the study at that time. In 1907, Fassln, working with thyroidectomized 275 dogs, and rabbits, found a marked diminution of the natural hemolytic as well as the bacterial alexin, but never complete disappearance. Administration of thyroid substance increased the concentration of complement in the serum., This author found that death of the animals followed thyroidectomy rather rapidly, a result not in accord with those of other observers, including otlrselves, which leads us to believe that the parathyroids also were removed. Marb~, in 1909, thyroidectomized four dogs and bled them when they developed symptoms. He found a definite diminution of the opsonic power of their serum against staphylococci and tubercle bacilli. He admits that he removed parathyroids as well. He also found an increase in the opsonic power of the serum of a myxedematous patient. In 1910, Fjeldstad, working with rabbits, came to the conclusion that "removal of the thyroids from the rabbit does not, at least during the first month, appreciably affect the formation of immune bodies (more specifically the agglutinins)." Dogs were thyroidectomized by Frouin, and then fed with calcium and magnesium salts. He studied the production of anti-horse and anti-rabbit hemolysin. As a matter of fact, the parathyroids were removed as well. Those animals that developed tetany, some even as long as 14 months after operation, although treated for 3 months with calcium and magnesium salts, showed a diminished production of hemolysin against horse and rabbit blood. Here again it is apparent that parathyroids as well as thyroid were removed. Lannoy and L~vy-Bruhl (1913) worked on five chickens, several of which they thymidectomized, and in the remainder removed the entire thyroid and part of the parathyroids. They concluded that the thyroid gland plays no r61e either in the resistance of these animals to infection with Spiroch~eta gallinarum, or in the rapidity and intensity of antibody production against this organism. They quote Lerda and Diez to the effect that thyroidectomized guinea pigs were found to be equally, or more resistant to intoxication by tetanus and diphtheria toxins, strychnine, and caffeine than normal animals. However, Houssay and Hug more recently found thyroidectomized horses markedly sensitive to diphtheria toxin. Again, in 1915, Launoy and L~vy-Bruhl conclude that thyroidectomy in chickens does not inhibit the resistance or the antibody production against Spirochceta gallinarum. They worked with the protective power of the acquired immune serum against Spirochceta gallinarum. In 1915, Hektoen and Curtis thyroidectomized dogs immediately after injecting them with rat blood. Death followed in 10 days--from tetany--a fact which leads one to believe that the parathyroids also were removed. Following the operation no "variation in the usual course and amount of antibody production" was noted p to the time of death.
One of the most recent investigators of the subject is Garibaldi. In January, 1920, he published his results on a study similar to, but not so extensive as ours. He performed thyroidectomy in rabbits, and studied the development of antisheep hemolysin. He used seven animals, three of which were controls. It is not clear from his paper whether he removed parathyroids as well, nor does he state the concentration of the cell suspension used. The injections were made intraperitoneally and repeated twice at intervals of 7 days. In his titration he used 1 cc. of a 5 per cent suspension of sheep blood corpuscles and a "constant and sufficient quantity of complement." The first and only titration was made 12 days after the last injection--exactly 1 month after the operation. The average titer of the series was 1 : 7,000 in the thyroidectomized as compared with 1:1,200 in the controls. He comes to the conclusion that the heterohemolytic titer of the serum of the thyroidectonfized rabbits immunized during the month following the operation is definitely higher than that of the control animals, and that thyroidectomy seems to favor the formation of antibodies. He leaned for confirmation of his conclusions upon the results of Frouin, and also to a certain extent upon those of Launoy and L6vy-Bruhl. But the latter replied vigorously to this (1920) , repeating that their results did not warrant the statement that thyroidectomy favored hyperresistance to infection. Garibaldi's conclusions were based on an experiment with seven animals. The striking feature in his work is the very slight variation and the uniformly high hemolytic titer which he obtained. It is well known that rabbits, normal or otherwise, respond in an extraordinarily variable manner to the injection of sheep blood. A glance at our charts, representing many titrations of the serum of numerous animals will demonstrate the tremendous variations. Some rabbits are very poor producers of hemolysin, the titer of their serum remaining persistently very low, despite frequently repeated injections of blood. This has been the experience of Koopman and others.
Houssay and Hug (1920) recently thyroidectomized young horses. One of the animals immunized to B. typhosus gave an agglutinating serum with a titer of 1:50,000 which was considered exceptionally high.
In going over the work of the above quoted investigators we were uncertain in many cases whether they removed thyroid only, or parathyroids as well. The anatomy of the thyroparathyroid apparatus varies in different animals. Since there is good reason to believe that these glands differ in their development and function (Hagenbach), it is reasonable to assume that their removal would have a variable effect, if any, upon the body and its functions in different species. It is important therefore, to know exactly what has been removed. It seems to us that lack of clearness on this point accounts, in part at least, for the variable and often contradictory results obtained. Therefore, a few words on the anatomy of the thyroparathyroid apparatus in the rabbit are not out of place.
Anatomy.
In the rabbit, as in most other animals, the thyroid gland is composed of two lobes and an isthmus (Text- fig. 1 ). The lateral lobes lie on either side of the larynx and upper portion of the trachea. The tip of the upper pole is hidden beneath the attachment of the stemothyroidmuscletothe thyroid cartilage. The isthmus is thin and covers TF~'~-FIo. I. In this rabbit the upper parathyroid glands were situated within the parenchyma of the lateral lobes and do not show in the drawing.
usually two or three rings of the trachea immediately below the level of the cricoid cartilage. There are, as a general rule, four parathyroid bodies--two upper and two lower. The position of the upper two varies greatly. In some cases they are situated outside the capsule of the thyroid, internal or posterior to the lateral lobes ( Fig. I ), while in a great percentage of cases they are situated either within or under the capsule of the thyroid, or are actually embedded in some portion of the thyroid parenchyma (Fig. 2) . In the rabbit, therefore, it is practically impossible, except in an occasional case, to remove the thyroid gland without also removing the upper parathyroid bodies. The Tit~ 0ct.4j.q20 0c¢.9 0ct.8 Oct.21 0ct.25 0ct.29
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1:8,000 The rabbits used were approximately 6 months of age and averaged 2.2 kilos in weight. In the first series twelve rabbits were used. The natural anti-sheep hemolysin was first determined, and in no case was found to give complete hemolysis in a ~lution even of 1:5, with 0.5 co. of inactivated serum, 0.5 cc. of 5 per cent cell suspension, and two units of complement. Expecting fatalities, we thyroidectomized seven animals and used the remaining five as controls. Of the latter, three were operated upon for exposure of the gland, without removal. All of the thyroidectomized animals lived, but one control died. Other than slight depression during the first few days after the operation, and slight irritability in one or two animals, nothing abnormal was noted in those that were thyroidectomized. The animals were bled and the serum was titrated 24 hours after the operation. No definite change in the natural hemolysin was noted. 5 days after the operation the rabbits had recovered completely. At that time they were given the first intravenous injection of 2 cc. of a 50 per cent suspension of washed sheep blood corpuscles. This was followed 2 days later by an injection of 3 cc. of a similar suspension, and 2 days after that the animals received 5 cc., the final injection. 3 days after the last injec-tion, and 12 days after the operation, the animals were bled and their serum was titrated for its hemolytic activity. In all our titrations we used 0.5 cc. of a 5 per cent suspension of washed sheep blood corpuscles, two units of complement, and 0.5 cc. of inactivated rabbit serum in increasing dilutions, and incubated them in a water bath at 37°C. for 1 hour. The highest dilution of the serum which then showedcomplete hemolysis was recorded as the titer. Titrations were repeated in most instances every 2 days until the height of antibody production had been reached and definitely passed. The graphic record of the titrations shows the great variation of the titers of the sera both of the thyroidectomized rabbits and of the controls. The lowest titer of the thyroidectomized rabbits was as low as that of the controls, but in every titration the maximum titer in the thyroidectomized group was considerably higher than the maximum of the controls (Table I and Text-figs. 2 and 3). In the various titrations the average titer of the serum of the thyroidectomized animals was definitely higher than that of the controls (Text- fig. 4 ). In the second series in which thyroidectomy with partial parathyroidectomy was performed fifteen animals were used. Three died, leaving seven thyroidectomized rabbits and five controls, in three of which the thyroid was exposed but not removed. The injections and titrations were performed in the same manner and at the same intervals as in Series cally in Text-fig 5. Here, again, thelowest titer of the thyroidectomized group was as low as that of the controls, but in every titration the highest titer of the serum of the thyroidectomized animals was higher than that of the controls. A comparison of the average titers of the sera shows that of the thyroidectomized animals was about three times as great as that of the controls (Table I , Series 2). In this series also, the variation in the titer of the different sera was very great, as can be seen in the graphic representation of the titrations (Text- fig. 5 ). 
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Graphic
In a third series we repeated Garibaldi's experiment, giving the injections of sheep blood intraperitoneally as he did. We used ten rabbits, five of which were thyroidectomized and partially parathyroidectomized. Not knowing what suspension of sheep blood he used, we washed the corpuscles and made them up to blood volume. In all other respects we repeated his work to a detail. However, the titer of the hemolysin produced was very much lower in our series than in his, and the thyroidectomized rabbits and controls produced approximately an equal amount of hemolysin. Only in two of the controls and in one of the thyroidectomized animals did the titer reach 1:1,000 at the height of production (Table II) . This part of our work did not confirm Garibaldi's findings.
Complete Thyroparathyroidectomy.
By the above term we mean removal of all grossly recognizable thyroid and parathyroid tissue confirmed at necropsy by a careful investigation of the neck and chest for accessory parathyroid tissue. Naturally enough, serial sections of the neck and chest were not made to rule out possible inclusion of parathyroid gland in other tissues or organs. In a few cases small suspicious bodies were discovered at necropsy low in the front of the neck, but invariably they turned out to be lymph nodes. Four sets of rabbits were employed for this part of the experiment--a total of 60 rabbits being used. Like Carlson and Woelfel who thyroparathyroidectomized foxes, we found complete recovery to occur after extreme symptoms of tetany with violent and prolonged convulsions, although the animals were expected to die. The symptoms developed in less time in our rabbits than in foxes. There was also a tendency to periodicity of the symptoms, and in some the symptoms were delayed, while in an occasional animal they did not develop at all. Other investigators working with various animals report similar experiences. Farner and Klinger, studying the relation between parathyroids and tetany in the rat, found that some recovered even after apparently complete removal. Ferreira de Mira found that guineapigs may survive complete thyroparathyroidectomy, some living as long as 57 days after the operation. So it would seem that a certain proportion of animals may live after complete thyroparathyroidectomy just as they do after complete adrenalectomy. Whether the explanation is that there are undiscoverable accessory glands, or that other organs take over the function, we are not prepared to state.
Twelve rabbits were used in the first series. Six were completely thyroparathyroidectomized, and of these four survived. The two died of tetany, while the others developed varying degrees of it. Since we did not know how long the animals would live, they were given one intravenous injection of 7 cc. of a 50 per cent suspension of sheep blood 20 hours prior to the operation. The results of the titrations, which were made at intervals of 2 days, can be seen in Table III , Series 1. All the titers were low in this case, because only one injection was given. A striking difference is seen, nevertheless, between the thyroparathyroidectomized animals and the controls. In every titration the maximum titer reached by the thyroparathyroidec- tomized animals was very low compared with that of the controls, and the average titer at the height of production was less than onefifth that of the controls. A graphic comparison of the average titers in this series is given in Text- fig. 6 . Since some parathyroidectomized animals survived, injections were given in the remaining three series at the same time and in the same amounts as in the thyroidectomy experiments; viz., 2, 3, and 5 cc. at intervals of 2 days, beginning 5 days after the operation.
In Series 2, eleven rabbits were completely thyroparathyroidectomized. AU developed severe tetany, and only two survived. The latter also had very severe symptoms, but recovered. The titrations in this series also show relatively low titers for the thyroparathyroidectomlzed animals. In Text- fig. 7 the comparison of the average titers in this series is represented graphically (see also Table III , Series 2). At the height of antibody production the average titer of the thyroparathyroidectomized rabbits was to the controls as 1 is to 7. In Series 3, four rabbits were thyroparathyroidectomized and four normal animals were used as controls. In this series we gave several subcutaneous and intravenous injections of a 1.5 per cent solution of calcium chloride in the hope of saving more animals. The same dose was given to the controls also. The animals had severe attacks of tetany, but three survived, and after the third day had no more symptoms. For results of titrations see Table III , Series 3, and Text- fig. 8 . Here again there was relatively less antibody production in the thyroparathyroidectomized group, though the difference was not so striking as in the other two series. In this series the average titer of the thyroparathyroidectomized animals and of the controls was higher than in the others. Whether this is attributable to the administration of calcium we do not know. At the height of antibody pro- duction the average titer of the thyroparathyroidectomized rabbits was to that of the controls as 1 is to 2. In Series 4, eight rabbits had the thyroid and parathyroids completely removed, five had only the lower parathyroids removed, and five normal animals were used as controls. In as short a time-as 8 hours some of the aimals showed definite signs of tetany. Within 24 hours nearly all the animals completely thyroparathyroidectomlzed developed varying degrees of tetany, and some died. Some received Titer JanA,1921 Jan.6
Jan.18 Jan.t0 Jan. calcium chloride injections intravenously, but the tetany continued and they died, while other received no injections, had very severe tetany, yet survived. Of the eight thyroparathyroidectomized animals only three recovered. Five more were operated upon 2 days later, and of these only one survived. This one also had very severe attacks of tetany but recovered and remained well. It was autopsied recently and not a vestige of thyroparathyroid tissue was found.
For the results of the titrations, see Table III is a graphic comparison of the average titers in the various titrations of this series. The average titer of the completely thyroparathyroidectomized animals was approximately one-sixth that of the controls.
Finally, we took six thyroparathyroidectomized animals from Series 2 and 3, operated upon from 2 to 3 months previously. Three of them were fed with parathyroid tablets (Armour), 0.15 grain daily for a week and were then given a series of three injections, this time of bovine blood corpuscles, 2, 3, and 5 cc. of a 50 per cent suspension, at intervals of 2 days. No difference was found in the development of hemolysin between those upon which opotherapy was practised and the controls, but it is very interesting to note that all six were verylow intheir development of anti-sheep hemolysin, the maximum titer at the height of production being only 1:200, while in a series of normal animals injected in the same way the average titer was 1:1,000 We have no way of knowing, of course, whether wewerereallyadrnlnistering parathyroid gland and whether the dose was sutficient to have any effect. We did not give the gland by enteric capsules but gave it by mouth, which allowed gastric secretions to act on it before it was absorbed.
Titrations were made by the colorimetric method of the hydrogen ion concentration of the serum of rabbits prior to and after thyroidectomy and complete thyroparathyroidectomy. In all cases this was found to be within normal limits (7.6 to 7.8). Hastings and Murray working recently with the plasma of parathyroidectomized dogs obtained the same result.
DISCUSSION.
Hektoen, taking advantage of the work on iodobenzoic compounds by Loevenhart and his associates, tested the effect of the administration of iodoxybenzoate of soda on the production of antibodies. He found that dogs which had received iodoxybenzoate produced antigoat hemolysin of a higher titer than that of dogs which had received injections of iodobenzoate, and higher than that of control dogswhich had not received any injections. He concluded that the oxygen element was responsible for this difference. The thyroid gland is supposed to have a definite relation to the process of internal oxidation in the body. Yet in our experiments the removal of the entire thyroid gland with the upper parathyroid glands did not inhibit the production of hemolysin. In fact, the average titer of the serum of thyroidectomized animals intravenously injected with sheep blood was higher than that of the controls. In view of the divergent results the question of the effect of internal oxidation on the development of immune bodies remains open.
Is the general disturbance created in these animals responsible for the effect on antibody production? During the first few days of the operation the completely thyroparathyroidectomized rabbits showed signs of much greater disturbance than did the thyroidectomized animals, but by the time the injections were begun the condition of both types of animals was approximately the same, and both gradually developed moderate cachexia. Yet, the thyroidectornized rabbits developed a hemolysin of relatively very high titer compared with the control animals, while the thyroparathyroidectomized animals developed a very low titer hemolysin compared with that of normal controls.
S~ARY
AND CONCLUSIONS.
1. After thyroidectomy with partial parathyroidectomy the maximum and average hemolytic titers of the sera of rabbits injected intravenously with sheep blood are equal to or higher than those of normal animals similarly injected.
2. Thyroidectomy with partial parathyroidectomy does not inhibit antibody production. This fact is in accord with the results of Garibaldi, Launoy and L6vy-Bruhl, Lerda and Diez, and others.
3. Thyroidectomy with partial parathyroidectomy does not cause serious disturbance in the adult rabbit. If the operation is performed properly, the animals survive and only moderate cachexia develops in time.
4. After complete thyroparathyroidectomy a small proportion of the animals survive even after developing very severe tetany. Those that recover do not show further signs of serious disturbance, but in time develop a moderate degree of cachexia no greater than that of the thyroidectomized animals.
5. Thyroparathyroidectomized rabbits develop anti-sheep hemolysin of a uniformly low titer--on an average one-fifth that of the controls.
6. Injection of bovine blood into rabbits that survived com'plete thyroparathyroidectomy from 1 to 2 months previously results in the
